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(57) ABSTRACT

A fixing apparatus includes a belt including a ferromagnetic
layer. A ferromagnetic plate 1s disposed inside the belt and
has a Curie pomnt that 1s lower than a Curie point of the
terromagnetic layer. An induction heater causes heat gen-
cration 1n the ferromagnetic layer and the ferromagnetic
plate. The induction heater includes a coil. A dniving circuit
outputs a high frequency current to the coil, and changes the
high frequency current. A temperature sensor measures a
temperature of the coil. A controller controls the driving
circuit to decrease the high frequency current if the tem-
perature of the coil measured by the temperature sensor 1s
higher than a predetermined value.
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FIXING APPARATUS THAT CONTROLS
CURRENT FOR DRIVING AN INDUCTION
HEATER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation application of U.S.
patent application Ser. No. 14/927,207, filed on Oct. 29,
20135, which 1s based upon and claims the benefit of priori-

ties from Japanese Patent Application No. 2014-240105,
filed on Nov. 27, 2014 and Japanese Patent Application No.
2015-118445, filed on Jun. 11, 2015; the entire contents of

cach of the applications are incorporated herein by refer-
ence.

FIELD

Embodiments described herein relate to a fixing appara-
tus, 1n particular, a fixing apparatus that controls the current
for driving an 1nduction heater.

BACKGROUND

An 1mage forming apparatus such as a Multi-functional
Peripheral (hereinaiter referred to as “MFP”), a printer, and
the like typically includes a fixing apparatus. The fixing
apparatus of one type causes heat generation for the fixing
by an electromagnetic induction heating unit (heremnafter
referred to as an “IH” unit). A {ixing apparatus that includes
the IH unit includes a fixing belt and an auxiliary heating
unit that generate heat. The IH unit 1s usually configured to
maintain its output level to maintain a certain amount of heat
generation. For example, when the auxiliary heating unit
loses 1ts magnetism as the temperature thereotf increases too
much, electric resistance of the IH unit decreases. In this
case, to maintain the output level, level of a current supplied
from a driving circuit to the IH unit 1s increased. However,
this increase of the current level may damage the driving
circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of an image forming apparatus
according to a first embodiment.

FIG. 2 1s a side view of an IH coil unit and illustrates a
control block of a main control circuit according to the first
embodiment.

FIG. 3 1s a perspective view of the IH coil unit according
to the first embodiment.

FIG. 4 illustrates magnetic paths of magnetic fluxes
extending along a fixing belt and an auxiliary heating plate
according to the first embodiment.

FIG. 5 1s a block diagram of a control system, which
controls the IH coil umt according to the first embodiment.

FIG. 6 15 a side view of a {ixing apparatus according to the
first embodiment.

FIG. 7 1s a flowchart 1llustrating an operation carried out
by the fixing apparatus according to the first embodiment.

FIG. 8 15 a side view of a fixing apparatus according to a
second embodiment.

FIG. 9 15 a side view of a fixing apparatus according to a
third embodiment.

DETAILED DESCRIPTION

In accordance with an embodiment, a fixing apparatus
includes a belt including a ferromagnetic layer, a roller
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2

facing the belt, a ferromagnetic plate disposed inside the belt
and having a Curie point that 1s lower than a Curie point of

the ferromagnetic layer, an induction heater configured to
cause heat generation 1n the magnetic layer and the ferro-
magnetic plate, a driving circuit configured to output a high
frequency current to the imnduction heater by switching on
and ofl switching elements thereof, and a controller. An
image on a sheet 1s fixed as the sheet passes through a nip
formed between the belt and the roller. The controller 1s
configured to determine whether or not a temperature of the
ferromagnetic plate 1s higher than the Curie point thereot,
and control the driving circuit to reduce a level of the high
frequency current when the temperature of the ferromag-
netic plate 1s determined to be higher than the Curie point
thereof.

First Embodiment

Heremalter an image forming apparatus 10 according to
a first embodiment 1s described with reference to the accom-
panying drawings. Further, the same components are applied
with same reference numerals 1n the drawings.

FIG. 1 15 a side view of the image forming apparatus 10
according to the first embodiment. A Multi-function periph-
eral (MFP) 1s described below as an example of the image
forming apparatus 10.

As shown 1n FIG. 1, the MFP 10 includes a scanner 12,
a control panel 13, and a main body section 14. Each of the
scanner 12, the control panel 13, and the main body section
14 includes a control section. The MFP 10 includes a system
control unit 100 serving as the control section for the scanner
12, the control panel 13 and the main body section 14.

The system control unit 100 includes a CPU (Central
Processing Unit) 100a, an ROM (Read Only Memory) 1005,
and an RAM (Random Access Memory) 100¢ (refer to FIG.

5). The system control unit 100 controls a main control
circuit 101 (refer to FIG. 2) serving as the control section for
the main body section 14.

The main control circuit 101 includes a CPU, a ROM and
a RAM (none are shown). The main body section 14
includes a paper feed cassette unit 16, a printer unit 18, a
fixing apparatus 34, and the like. The main control circuit
101 controls the paper feed cassette unit 16, the printer unit
18, the fixing apparatus 34, and the like.

The scanner 12 reads an image of a document. The control
panel 13 has mput keys 13a and a display unmit 135. For
example, the input keys 13a recerve an mput from a user. For
example, the display unit 135 1s of a touch panel type. The
display unit 135 recerves an input from the user and displays
information to the user.

The paper feed cassette umt 16 includes a paper feed
cassette 16a and a pickup roller 165. The paper feed cassette
16a stores sheets P serving as media. The pickup roller 165
picks up the sheet P from the paper feed cassette 16a. The
paper feed cassette 16a 1s provided to store sheets P. A paper
teed tray 17 1s provided to feed sheets P with a pickup roller
17a.

The printer unit 18 forms an image. For example, the
printer unit 18 carries out image forming processing of the
image ol the document read by the scanner 12. The printer
unit 18 includes an intermediate transier belt 21. In the
printer unit 18, the intermediate transfer belt 21 1s supported
by a backup roller 40, a driven roller 41, and a tension roller
42. The backup roller 40 includes a driving unit (not shown)
and configured to rotate on 1ts own. In the printer unit 18, the
intermediate transfer belt 21 rotates in a direction indicated
by an arrow m.
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The printer unit 18 further includes four sets of image
forming stations 22Y, 22M, 22C, and 22K. The image

forming stations 22Y, 22M, 22C, and 22K are used to
respectively form a yellow (Y) image, a magenta (M) image,
a cyan (C) image, and a black (K) image. The image forming
stations 22Y, 22M, 22C, and 22K are arranged 1n parallel to
cach other along the rotational direction of the intermediate
transfer belt 21 below the intermediate transier belt 21.

The printer unit 18 further includes cartridges 23Y, 23M,
23C, and 23K above the image forming stations 22Y, 22M,
22C, and 22K, respectively. The cartridges 23Y, 23M, 23C,
and 23K store toner for replenishment of vyellow (Y),
magenta (M), cyan (C), and black (K), respectively.

Hereinatter, the image forming station 22Y for forming a
yellow (Y) image among the image forming stations 22Y,
22M, 22C, and 22K 1s described as an example. Further, as
the configurations of the image forming stations 22M, 22C,
and 22K are the same as the configuration of the image
forming station 227V, the detailed description thereot i1s not
provided.

The image forming station 22Y includes a charger 26, an
exposure scanning head 27, a developing device 28, and a
photoconductive cleaner 29. The charger 26, the exposure
scanning head 27, the developing device 28, and the pho-
toconductive cleaner 29 are arranged around a photocon-
ductive drum 24 that 1s configured to rotate in a direction
indicated by an arrow n.

The image forming station 22Y includes a primary trans-
ter roller 30. The primary transifer roller 30 faces the
photoconductive drum 24 across the itermediate transier
belt 21.

The 1mage forming station 22Y exposes the photocon-
ductive drum 24 that 1s charged by the charger 26 through
the exposure scanning head 27. The image forming station
22Y forms an electrostatic latent 1image on the photocon-
ductive drum 24. The developing device 28 develops the
clectrostatic latent image on the photoconductive drum 24
using a two-component developing agent including toner
and carrier.

The primary transier roller 30 primarily transfers the toner
image formed on the photoconductive drum 24 to the
intermediate transfer belt 21. The image forming stations
22Y, 22M, 22C, and 22K form a color (full-color) toner
image on the intermediate transier belt 21 through the
primary transier rollers 30. The color toner 1image 1s formed
by overlapping toner images ol Y (yvellow), M (magenta), C
(cyan), and K (black) in sequence. The photoconductive
cleaner 29 removes the toner left on the photoconductive
drum 24 aiter the primary transfer.

The printer unit 18 further includes a secondary transier
roller 32. The secondary transfer roller 32 faces the backup
roller 40 across the intermediate transier belt 21. The
secondary transfer roller 32 operates to transier the color
toner 1mage on the imntermediate transfer belt 21 to the sheet
P. The sheet P 1s fed by the paper feed cassette unit 16 or the
manual paper feeding tray 17 along the conveyance path 33.

The printer unit 18 further includes a belt cleaner 43
facing the driven roller 41 across the intermediate transier
belt 21. The belt cleaner 43 removes toner left on the
intermediate transier belt 21 after the secondary transfer.

The printer unit 18 also includes a register roller 33a, a
fixing apparatus 34, and a sheet discharge roller 36, along
the conveyance path 33. The printer unit 18 further includes
a bifurcating unit 37 and a reversal conveyance unmit 38 at the
downstream side of the fixing apparatus 34 1 a sheet
conveying direction. The bifurcating unit 37 sends the sheet
P subjected to fixing processing to a sheet discharge unit 20
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4

or the reversal conveyance unit 38. In a case of duplex
printing, the reversal conveyance umt 38 reverses the sheet
P sent from the bifurcating unit 37 to a direction of the
register roller 33a and conveys the sheet P. The MEFP 10
forms a fixed toner image on the sheet P with the printer unit
18 and then discharges 1t to the sheet discharge unit 20.
Further, the MFP 10 1s not limited to the tandem devel-
oping system, and the number of the developing devices 28
1s also not limited. Further, the MFP 10 may transfer the

toner 1image from the photoconductive drum 24 to the sheet
P directly.

Hereinaftter, the fixing apparatus 34 1s described in detail.

FIG. 2 1s a side view of the fixing apparatus 34, including,
an electromagnetic induction heating coil unit 52 (induction
current generation section), and illustrates a control block of
a main control circuit 101 (control section) according to the
first embodiment. Hereinaftter, the electromagnetic induction
heating coil unit 1s referred to as an “IH coil unit”.

As shown 1n FIG. 2, the fixing apparatus 34 includes a
fixing belt 50, a press roller 31, an IH coil umt 52, an
auxiliary heating plate 69 (auxiliary heating section), a
second coil unit 84 (measurement section), and the main
control circuit 101.

The fixing belt 50 1s a cylindrical endless belt. In the 1nner
peripheral space of the fixing belt 50, an internal belt
mechanism 35 including a nip pad 53 and the auxiliary
heating plate 69 1s arranged.

The fixing belt 50 1s formed by laminating a heating layer
50a (conductive layer) serving as a heating umit and a
releasing layer 50c¢ 1n sequence on a base layer 506 (refer to
FIG. 4). Further, as long as the fixing belt 50 includes the
heating layer 50a, no limitation 1s given to the layer struc-
ture.

The base layer 506 1s made from, for example, polyimide
resin (PI). The heating layer 50q 1s formed of, for example,
a non-magnetic metal such as copper (Cu). The releasing
layer 50c¢ 1s made from, for example, fluorine resin such as
PFA (Tetratluoroethylene Pertluoro alkyl vinyl ether copo-
lymer resin).

In order to rapidly warm up the fixing belt 50, the heating,
layer 50a 1s thin and the heat capacity of the fixing belt 50
1s low. The fixing belt 50 having low heat capacity shortens
the time required to warm up the fixing belt 50 and saves
energy consumption for the warming-up.

In order to reduce the heat capacity of the fixing belt 50,
the thickness of the copper layer of the heating layer 50a 1s,
for example, 10 um. Further, the heating layer 30q 1s coated
by a protective layer such as nickel. The nickel protective
layer can suppress the oxidation of copper layer, which can
improve the mechanical strength of the fixing belt 50.

Further, the heating layer 50a may be formed by perform-
ing copper plating as well as electroless nickel plating on the
base layer 305 made from polyimide resin. By performing
the electroless nickel plating, the adhesion strength of the
base layer 3056 to the heating layer 50a 1s improved, and the
mechanical strength of the fixing belt 50 1s also 1improved.

Further, the surface of the base layer 5056 may be rough-
ened through sandblast or chemical etching. By roughening
the surface of the base layer 505, the adhesion strength of the
base layer 506 to the nickel plating of the heating layer 50a
1s Turther improved.

Further, a metal such as titantum (11) may be dispersed
into the polyimide resin for forming the base layer 505. By
dispersing metal into the base layer 505, the adhesion
strength of the base layer 5305 to the nickel plating of the
heating layer 50qa 1s further improved.
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For example, the heating layer 50a may be made from
nickel, iron (Fe), stainless steel, aluminum (Al), silver (Ag),
or the like. The heating layer 50a may use two or more kinds
of alloys, and may also be formed by stacking two or more
kinds of metal in layer.

FIG. 3 1s a perspective view of the IH coil unit 52
according to the first embodiment.

As shown 1n FIG. 3, the IH coil unit 52 includes a main
coil 56 (first coil), a first core 57, and a second core 38.

The main coil 56 generates magnetic flux 1 accordance
with application of a high frequency current. The main coil
56 1s arranged at the outer peripheral side of the fixing belt
50. The main coil 56 faces the fixing belt 50 1n the thickness
direction. The longitudinal direction of the main coil 56 1s
parallel to the width direction of the fixing belt 50 (herein-
alter referred to as a “belt width direction™).

The first core 57 and the second core 58 cover a side of
the main coil 56 (hereinafter referred to as “backside”) that
1s opposite to the side that faces the fixing belt 50. The first
corec 57 and the second core 58 prevent leakage of the
magnetic flux generated by the main coil 56 at the back side.
The first core 57 and the second core 58 concentrate the
magnetic flux from the main coil 56 on the fixing belt 50.

The first core 57 includes a plurality of single wing parts
57a. The plurality of single wing parts 37a 1s alternately
arranged 1n a staggered manner with a center line 564 along
the longitudinal direction of the main coil 56 as an axis of
symmetry.

The second core 58 1s arranged at both sides of the first
core 57 1n the longitudinal direction thereof. The second
core 58 includes a plurality of dual wing parts 58a across
both sides of the main coil 56. For example, the single wing
part 57a and the dual wing part 58a may be made from
magnetic material such as a nickel-zinc alloy (Ni—Z7n), a
manganese-nickel alloy (Mn—N1), and the like.

The first core 57 regulates the magnetic flux generated by
the main coil 56 with the plurality of the single wing parts
57a. The magnetic flux generated by the main coil 56 may
be regulated alternately by every single wing part 37a with
a central line 564 as an axis of symmetry. The first core 57
concentrates the magnetic flux from the main coil 56 on the
fixing belt 30 with the plurality of single wing parts 57a.

The second core 58 regulates the magnetic tlux generated
by the main coil 56 with the plurality of dual wing parts 58a.
The magnetic flux generated by the main coil 56 1s regulated
by the dual wing parts 58a at both sides of the first core 57.
The second core 38 concentrates the magnetic flux from the
main coil 56 on the fixing belt 50 with the plurality of dual
wing parts 58a. The magnetic flux concentration caused by
the second core 38 1s greater than the magnetic flux con-
centration caused by the first core 57.

The main coil 56 includes first wings 36a and second
wings 36b. The first wings 56a are arranged at one side of
the central line 56d4d. The second wings 565 are arranged at
the other side of the central line 564. Window parts 56c¢ are
formed between the first wings 56a and the second wmgs
565 at the inner side 1n the longitudinal direction of the main
coil 56.

For example, the main coil 56 uses litz wire. The litz wire
1s formed of a plurality of bundles of copper wire material
that 1s coated by the heat-resistant polyamide-imide serving,
as an insulated material. The main coil 36 1s formed by
winding the conductive coils.

As shown in FIG. 2, the main coil 56 generates the
magnetic tlux through the application of the high frequency
current from the inverter driving circuit 68. For example, the
inverter driving circuit 68 includes switching elements
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6

including the IGBT (Insulated Gate Bipolar Transistor)
clement 68a, a MOSFET (Metal Oxide semiconductor field
cllect Transistor) element (not shown), and the like. The
IGBT element 68a 1s connected to the MOSFET element.
By alternately turning on/off the IGBT element 68a and the
MOSFET element, a high frequency current flows into the
main coil 56. By the flow of the high frequency current into
the main coil 56, a high frequency magnetic field 1s gener-
ated around the main coil 56. Through the magnetic flux of
the high frequency magnetic field, an eddy current i1s gen-
crated 1n the heating layer 50a of the fixing belt 50. Further,
Joule heat 1s generated due to the eddy current flowing 1n the
heating layer S0qa that has electric resistance. As a result, the
fixing belt 50 1s heated.

For example, 1t 1s assumed that the “ON” period of the
IGBT element 68a 1s constant. By varying the “ON” period
of the MOSFET element, the high frequency current flowing
into the main coil 56 changes. With the change of high
frequency current flowing into the main coil 56, the output
of the electromagnetic induction heating also changes.

The auxihiary heating plate 69 i1s arranged at the inner
peripheral side of the fixing belt 50. Seen 1n a belt width
direction, the auxiliary heating plate 69 has an arc shape and
1s arranged along the mnner peripheral surface of the fixing
belt 50. The auxiliary heating plate 69 faces the main coil 56
across the fixing belt 50. The auxiliary heating plate 69 1is
formed of a magnetic material (ferromagnetic material) of
which the Curie point 1s lower than that of the heating layer
50a. Magnetic tlux through the auxiliary heating plate 69
and the fixing belt 50 1s generated by the magnetic flux
generated by the main coil 56. Consequently, Joule heat 1s
generated 1n the heating layer 50a. The generated Joule heat
1s used to further heat the fixing belt 50 by the main coil 56.

The auxiliary heating plate 69 1s supported by sills (not
shown) at the arc-shaped both ends thereof. The outer
surface of the auxiliary heating plate 69 1n the diameter
direction (radial direction) 1s separated from the inner
peripheral surface of the fixing belt 50. For example, the
length of a gap between the outer surface of the auxiliary
heating plate 69 and the inner peripheral surface of the fixing
belt 50 1s about 1~2 mm. Alternatively, the outer surface of
the auxiliary heating plate 69 may be in contact with the
inner peripheral surface of the fixing belt 50.

For example, the auxiliary heating plate 69 in the belt
width direction 1s longer than a sheet-passing area 1n the belt
width direction (hereinaiter referred to as a “sheet width™).
In addition, the sheet width 1s a width of a sheet of which the
short-side width 1s longest among sheets that can be used 1n
the MFP 10. For example, 1t 1s assumed that the sheet width
1s a little longer than the short-side width of A3-sized paper.

FIG. 4 illustrates magnetic paths of the magnetic flux
generated by the main coil 56 according to the first embodi-
ment. The magnetic paths extend through the fixing belt 50
and/or the auxihiary heating plate 69.

As shown 1n FIG. 4, the magnetic flux generated by the
main coil 56 forms a first magnetic path 81 extending
through the heating layer 50q of the fixing belt 50. The first
magnetic path 81 1s formed 1n such a manner that the first
wings 36a and the second wings 565 of the main coil 56 are
surrounded. The first magnetic path 81 passes through the
first core 57, the second core 38, and the heating layer 50aq.
Further, the magnetic flux generated by the main coil 56
forms a second magnetic path 82 that extends through the
auxiliary heating plate 69. The second magnetic path 82 is
formed at a position adjacent to the first magnetic path 81 1n
a diameter direction of the fixing belt 50 (hereinafter
referred to as a “belt diameter direction™). The second
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magnetic path 82 passes through the auxiliary heating plate
69 and the heating layer 50a.

The auxiliary heating plate 69 1s formed of thin metal
member made from the magnetic shunt alloy such as iron or
nickel alloy of which the Curie point 1s 220~230 degrees
centigrade. When the temperature of the auxiliary heating
plate 69 exceeds the Curie point thereof, the auxiliary
heating plate 69 will lose 1its magnetism. Specifically, when
the Curie point 1s exceeded, the magnetism of the auxiliary
heating plate 69 i1s changed from ferromagnetism to para-
magnetism. When the temperature of the auxiliary heating
plate 69 exceeds the Curie point thereof, the second mag-
netic path 82 1s not formed and consequently there i1s no
assistance to the heat of the fixing belt 50. By forming the
auxiliary heating plate 69 with the magnetic shunt alloy, the
auxiliary heating plate 69 can be used to assist the rise of
temperature of the fixing belt 50 when the temperature 1s
lower than the Curie point thereof, and can be used to
prevent the excessive temperature rise of the fixing belt 50
when the temperature 1s higher than the Curie point thereof.

Herein, the heating of the fixing belt 50 i1s adjusted
through electric control of an IH control circuit 67. To keep
the belt temperature constant, the output of the IH coil unit
52 1s controlled to be constant. If the auxiliary heating plate
69 1s formed of magnetic shunt alloy, the auxiliary heating
plate 69 loses 1ts magnetism when the temperature thereof
exceeds the Curie point, and the second magnetic path 82 1s
not formed. Consequently, the load (electric resistance) of
the IH coi1l unit 52 decreases.

The IH control circuit 67 increases the current flowing
through the mverter driving circuit 68 corresponding to the
reduction of load of the IH coil unit 52 so as to keep the
output of the IH coil unit 52 constant. I the current tlowing
through the inverter driving circuit 68 is increased, the
current flowing 1n the IGBT element 68a 1s also increased.
If so, the temperature of the IGBT eclement 68a rises
excessively, and the IGBT element 68a may be damaged. To
prevent this, in the present embodiment, the change of
magnetism of the auxiliary heating plate 69 1s estimated by
measuring the electric resistance of the second coil 84a. In
addition, the IH control circuit 67 controls the IH coil unait
52 to reduce the output of the electromagnetic induction
heating when the measured electric resistance 1s smaller than
a threshold value.

Further, the auxiliary heating plate 69 may be formed of
a thin metal member having magnetic characteristic such as
iron, nickel, stainless steel, and the like. As long as the
material has magnetic characteristic, the auxiliary heating
plate 69 may be formed of resin including magnetic powder.
Alternatively, the auxiliary heating plate 69 may be formed
of the magnetic material, ferrite. The magnetic material,
territe, promotes the heating of the fixing belt 50 through the
magnetic flux generated by the induction current. The mag-
netic matenal, ferrite, itself does not generate heat even 1t
the magnetic flux generated by induction current passes
through 1it. The auxiliary heating plate 69 1s not limited to a
thin plate member.

As shown 1n FIG. 2, a shield 76 1s arranged on the inner
peripheral side of the auxiliary heating plate 69. The shield
76 has an arc shape similar to the shape of the auxiliary

heating plate 69. The shield 76 1s supported by sills (not
shown) at the arc-shaped ends thereol. Further, the shield 76
may support the auxiliary heating plate 69. For example, the
shield 76 1s made from non-magnetic material such as
aluminum, copper, and the like. The shield 76 shields the
magnetic flux from the IH coil unit 52. The shield 76
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suppresses an influence on a voltage and the like measured
by a thermistor by the magnetic flux.

A nip pad 53 1s a pressing unit positioned to press the
inner peripheral surface of the fixing belt 50 against the side
of the press roller 51. A nip 54 1s formed between the fixing
belt 50 and the press roller 51. The nip pad 53 has a nip
forming surface 53a, and the mip 54 1s formed between the
fixing belt 50 pressed by the nip pad 53 and the press roller
51. Seen 1n the belt width direction, the nip forming surface
53a 1s curved towards the iner peripheral side of the fixing
belt 50 along the outer peripheral surface of the press roller
51.

For example, the press roller 51 includes a heat-resistant
silicon sponge layer and a silicon rubber layer around the
core bar. For example, a releasing layer 1s arranged on the
surface of the press roller 531. The releasing layer 1s made
from fluorine resin such as the PFA resin and the like. The
press roller 51 presses the fixing belt 50 through a pressing
mechanism. The press roller 51 and the nip pad 53 serve as
a pressing unit which presses the fixing belt 50.

A motor 515 1s arranged as a driving unit of the fixing belt
50 and the press roller 51. The motor 515 1s energized by a
motor driving circuit 531¢ that 1s controlled by the main
control circuit 101. The motor 515 1s connected to the press
roller 51 through a first gear train (not shown). The motor
516 1s connected to a belt driving member through a second
gear train and a one-way clutch (none 1s shown). The motor
516 causes the press roller 51 to rotate in a direction
indicated by an arrow q. When the fixing belt 50 1s in contact
with the press roller 51, the fixing belt 50 1s rotated by the
press roller 51 1n a direction indicated by an arrow u. When
the fixing belt 50 1s separated from the press roller 51, the
motor 315 directly controls the fixing belt 50 to rotate 1n the
direction indicated by the arrow u. The fixing belt 30 may
include a driving unit separately from the driving unit of the
press roller 31.

A center thermistor 61 and an edge thermistor 62 measure
a belt temperature. The measured results of the belt tem-
perature are mput to the main control circuit 101. The center
thermistor 61 1s arranged at a center of the IH coil unit 52
in the belt width direction. The edge thermistor 62 1is
arranged 1n a non-paper passing, heating area of the IH coil
unit 52 1n the belt width direction. The main control circuit
101 controls the IH coil umt 52 in such a manner that the
clectromagnetic induction heating 1s stopped when the belt
temperature measured by the edge thermistor 62 1s greater
than a threshold value. The electromagnetic induction heat-
ing 1s stopped when the temperature of the non-paper
passing, heating area of the fixing belt 50 rises excessively,
and thereby preventing the fixing belt 50 from being dam-
aged.

The main control circuit 101 controls the IH control
circuit 67 according to the measured results of the belt
temperature by the center thermistor 61 and the edge therm-
istor 62. The IH control circuit 67 controls the magnitude of
the high frequency current output by the inverter driving
circuit 68 under the control of the main control circuit 101.
The fixing belt 50 1s maintained within control temperature
ranges 1 accordance with the output of the inverter driving
circuit 68. The IH control circuit 67 includes a CPU, a ROM,
and a RAM (none are shown).

A thermostat 63 functions as a safety device of the fixing
apparatus 34. The thermostat 63 1s operated when the fixing
belt 50 generates heat abnormally and the temperature
" threshold value. With the opera-

thereof rises to 1ts shut-ofl
tion of the thermostat 63, the current flowing to the IH coil
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unit 52 1s shut off. In this way, the MFP 10 stops driving, and
thereby preventing the fixing apparatus 34 from being
abnormally heated.

Hereinatter, a control system 110 of the IH coil unit 52
which enables the fixing belt 50 to generate heat 1s described
in detail.

FI1G. 5 1s a block diagram of the control system 110 which
mainly controls the IH coil umt 52 according to the first
embodiment.

As shown 1 FIG. 5, the control system 110 includes a
system control unit 100, the main control circuit 101, an IH
circuit 120, and the motor driving circuit 5lc.

The control system 110 supplies power to the IH coil unait
52 through the IH circuit 120. The IH circuit 120 includes a
rectifier circuit 121, the IH control circuit 67, the inverter
driving circuit 68, and a current measurement circuit 122.

Current 1s supplied from an AC power supply 111 to the
IH circuit 120 through a relay 112. The IH circuit 120
rectifies the current with the rectifier circuit 121 and then
supplies the current to the inverter driving circuit 68. When
the thermostat 63 1s cut ofl, the relay 112 shuts ofl the current
from the AC power supply 111. The inverter driving circuit
68 includes a drive IC 685 of the IGBT element 68a. The IH
control circuit 67 controls the drive IC 685 according to the
measured results of the belt temperature by the center
thermistor 61 and the edge thermistor 62. The IH control
circuit 67 controls the drive 1IC 685 to control the output of
the IGBT element 68a. The current measurement circuit 122
sends the measured results output by the IGBT element 68a
to the IH control circuit 67. The IH control circuit 67
controls the drive IC 685 based on the measured results
output from the current measurement circuit 122, so that the
output of the IH coil unit 52 1s constant.

The main control circuit 101 acquires a measurement
value R (refer to FIG. 7) from an electric resistance mea-
surement circuit 845. The main control circuit 101 controls
the IH coil unit 52 based on the measurement value R.
Specifically, the main control circuit 101 determines
whether or not the measurement value R 1s smaller than a
threshold wvalue Rt. Then, the main control circuit 101
controls either the continuous driving of the fixing apparatus
34 and the reduction of the output of the IH coil unit 52
based on the determination results. Here, the reduction of
output of the IH coil unit 52 includes the stopping of the IH
coil unit 52.

FIG. 6 1s a side view of the main portions of the fixing
apparatus 34 according to the first embodiment.

As shown 1n FIG. 6, the second coil unit 84 includes a
second coi1l 84a and the electric resistance measurement
circuit 8456 (electric resistance measurement section). The
second coil unit 84 measures whether or not the temperature
of the auxiliary heating plate 69 exceeds the Curie point
thereol. The second coil 84a 1s arranged separately from the
main coil 56. The second coi1l 84a generates a magnetic field
passing through the auxiliary heating plate 69 through
energization. For example, the second coil 84a includes
winding wire of litz wire. The electric resistance measure-
ment circuit 84b6 measures the electric resistance of the
second coil 84a. The measured result of the electric resis-
tance of the second coil 84a i1s input to the main control
circuit 101.

Hereinafter, 1t 1s assumed that an area of the auxiliary
heating plate 69 that faces the IH coil unit 52 across the
fixing belt 50 and extends along a circumierential direction
of the fixing belt 50 (hereinafter referred to as a “belt
circumierential direction”) 1s a facing area 69a. Further, 1t 1s
assumed that an end portion 69¢ of the auxiliary heating

10

15

20

25

30

35

40

45

50

55

60

65

10

plate 69 1s an end portion of the auxiliary heating plate 69
in the belt circumierential direction, and 1s an area adjacent
to the facing area 69a. The end portion 69¢ of the auxiliary
heating plate 69 does not face the IH coil unit 52 across the
fixing belt 50 in the belt diameter direction.

Further, an end portion 52¢ of the IH coil unit 52 1s an end
portion 1n the belt circumierential direction of each of the
first core 57 and the second core 58, and includes a portion
protruding to the inner side 1n the belt diameter direction.

The second coil 84a 1s arranged 1n an area S1 (refer to
FIG. 2) which faces the auxiliary heating plate 69 but does
not face the main coil 56. Specifically, the area S1 1s
positioned between the end portion 52¢ of the IH coil unit 52
and the fixing belt 50 1n the belt diameter direction. The area
S1 ranges from the outer side of the main coil 56 to the end
portion 69¢ of the auxiliary heating plate 69 in the belt
circumierential direction. The area S1 faces not only the end
portion 52¢ of the IH coil unit 52 but also the end portion 69c¢
of the auxiliary heating plate 69 across the fixing belt 50 1n
the belt circumierential direction. One end (end at the inner
side) of the area S1 1n the belt circumierential direction faces
a boundary between the end portion 52¢ of the IH coil unit
52 and the main coil 56 1n the belt diameter direction. The
other end (an end at the outer side) of the area S1 1n the belt
width direction faces front ends (arc-shaped both ends) of
the end portion 69¢ of the auxihiary heating plate 69 across
the fixing belt 50 1n the belt diameter direction.

In the present embodiment, the second coil 84a 1s
arranged at the outer peripheral side of the fixing belt 50.
The second coil 84a faces the end portion 69c¢ of the
auxiliary heating plate 69 across the fixing belt 50.

Further, the second coil 84a may face the facing area 69a
of the auxiliary heating plate 69 across the fixing belt 50 1n
a range where the second coil 84a does not face the main coil
56.

The second coil 84a 1s fixed separately from the fixing
belt 50 at a given 1nterval. The second coil 84qa at least faces

the paper passing area i1n the belt width direction. For
example, the second coil 84a faces a central portion of the
fixing belt 50.

The s1ze of the second coil 84a 1s smaller than that of the
main coil 56, because the second coil 844 1s used to generate
a magnetic field passing through the auxiliary heating plate
69 that 1s suflicient for the electric resistance measurement
circuit 845 to measure the electric resistance of the second
coil 84a.

When compared to a case 1n which the size of the second
coil 84a 1s 1dentical to or larger than the size of the main coil
56, 1t 1s possible to arrange the second coil 84a 1n the area
S1 easier.

The magnetic flux generated by the second coil 84a forms
a third magnetic path 85 that extends through the heating
layer 50a of the fixing belt 50. Further, the magnetic flux
generated by the second coil 84a forms a fourth magnetic
path 86 that extends through the auxiliary heating plate 69
before auxiliary heating plate 69 loses 1ts magnetism due to
the temperature thereol exceeding the Curie point thereof.
The fourth magnetic path 86 1s formed at a position adjacent
to the third magnetic path 85 1n the belt diameter direction.
The fourth magnetic path 86 passes through the auxiliary
heating plate 69 and the heating layer 50a. The electric
resistance of the second coil 84a varies 1n accordance with
change of the magnetism of the auxiliary heating plate 69.
That 1s, the electric resistance of the second coil 84a varies
according to whether or not the fourth magnetic path 86 1s
formed.
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A weak high frequency current (hereinafter referred to as
a “high frequency weak current”) tlows into the second coil
844, and this current enables the electric resistance mea-
surement circuit 845 to measure the electric resistance of the
second coil 84a. For example, the electric resistance mea-
surement circuit 845 1s connected at an upstream side and a
downstream side of the second coil 844 1n a current tlowing
direction, and the aforementioned electric resistance 1s mea-
sured according to the values of current respectively at the
upstream side and the downstream side of the second coil
84a. Further, 1t 1s assumed that the high frequency weak
current 1s weaker than the high frequency current output
from the mverter driving circuit 68.

Next, an example of an operation of the fixing apparatus
34 according to the first embodiment 1s described with
reference to FIG. 7.

FI1G. 7 1s a flowchart 1llustrating an operation of the fixing
apparatus 34 according to the first embodiment.

In ACT 100, the electric resistance measurement circuit
84b causes the high frequency weak current to flow 1nto the
second coil 84a. It 1s assumed that, for example, the fre-
quency and current of the high frequency weak current are
respectively 60 kHz and 10 mA.

In ACT 101, the electric resistance measurement circuit
84b measures the electric resistance of the second coil 84a.
It 1s assumed 1n the present embodiment that the electric
resistance of the second coil 84a measured by the electric
resistance measurement circuit 845 1s a “measured value R”.
The main control circuit 101 acquires the measured value R
from the electric resistance measurement circuit 845.

Alternatively, the main control circuit 101 may acquire
the measured value R from other circuit such as a logic
circuit.

In ACT 102, the main control circuit 101 determines
whether or not the measured value R acquired in ACT 101
1s smaller than a threshold value Rt (for example, 1¢627).

By determining whether or not the measured value R 1s
smaller than the threshold value Rt, 1t 1s possible to deter-
mine the change of magnetism of the auxiliary heating plate
69 for the following reasons.

When the measured value R 1s greater than the threshold
value Rt, the auxiliary heating plate 69 has ferromagnetism
because 1ts temperature 1s lower than the Curie point thereof.
When the auxiliary heating plate 69 has ferromagnetism, the
magnetic flux generated by the second coil 84a forms the
third magnetic path 85 and the fourth magnetic path 86.

On the other hand, when the measured value R 1s smaller
than the threshold value Rt, the auxiliary heating plate 69
has paramagnetism because 1ts temperature 1s higher than
the Curie point thereof. In such a case, the fourth magnetic
path 86 1s not formed.

Thus, 1t 1s possible to estimate the magnetism of the
auxiliary heating plate 69 by determining whether or not the
measured value R 1s smaller than the threshold value Rt.

When the main control circuit 101 determines that the
measured value R 1s smaller than the threshold value Rt
(YES 1n ACT 102), the process proceeds to ACT 104. When
the main control circuit 101 determines that the measured
value R 1s greater than the threshold value Rt (NO in ACT
102), the process proceeds to ACT 103.

In ACT 103, the fixing apparatus 34 continues 1ts driving.
For example, when performing a high output driving such as
a continuous paper passing and the warming up, the fixing
apparatus 34 continues the high output driving.

In ACT 104, the main control circuit 101 controls the IH
coil unit 52 based on the measured value R.
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In ACT 105, the main control circuit 101 determines
whether to stop the IH coil unit 52, based on the measured
value R. For example, when the measured value R 1s smaller
than 0.5%€2”, the main control circuit 101 determines to stop
the IH coil unit 52. It 1t 1s determined to stop the IH co1l unit
52 (YES 1 ACT 105), the main control circuit 101 termi-
nates the processing. By stopping the IH coil unit 52, the
main control circuit 101 suppresses the excessive tempera-
ture rise of the IGBT element 68a. Consequently, the main
control circuit 101 prevents the IGBT element 68a from
being damaged.

If 1t 1s determined not to stop the IH coil unit 52 (NO 1n
ACT 105), the process proceed to ACT 106.

In ACT 106, the main control circuit 101 reduces the
output of the IH coil unit 52. For example, the main control
circuit 101 reduces the power supplied to the IH coil unit 52.
By reducing the output of the IH coil unit 52, the main
control circuit 101 suppresses the excessive temperature rise
of the IGBT element 68a. Consequently, the main control
circuit 101 prevents the IGBT element 68a from being
damaged.

In ACT 103, the fixing apparatus 34 continues 1ts driving,
when the output of the IH coil unit 52 1s reduced.

Heremaftter, the operation of the fixing apparatus 34
during a warming-up operation 1s described.

As shown 1 FIG. 2, the fixing apparatus 34 rotates the
fixing belt 50 1n the direction indicated by the arrow u during
the warming-up operation. By applying the high frequency
current through the mverter driving circuit 68, the IH coil
unit 52 generates magnetic flux at the side of the fixing belt
50.

For example, the fixing belt 50 15 rotated 1n the direction
indicated by the arrow u when the fixing belt 50 1s separated
from the press roller 51 during the warming-up operation.
Compared to a case of rotating the fixing belt 50 when the
fixing belt 530 1s i contact with the press roller 51, 1t 1s
possible to avoid the heat of the fixing belt 50 from trans-
ferring to the press roller 531. Consequently, it 1s possible to
shorten the period of the warming up operation.

Alternatively, the fixing belt 50 may be driven to rotate 1n
the direction indicated by the arrow u by rotating the press
roller 51 1n the direction indicated by the arrow q when the
press roller 51 1s 1n contact with the fixing belt 50 at the time
of warming up.

As shown 1n FIG. 4, the IH coil unit 52 heats the fixing
belt 50 through the first magnetic path 81. The auxiliary
heating plate 69 assists the IH coil unit 52 1n heating the
fixing belt 50 through the second magnetic path 82. In this
way, 1t enables the rapid warming up of the fixing belt 50.

As shown 1n FIG. 2, the IH control circuit 67 controls the
inverter driving circuit 68 according to the measured results
of the belt temperatures measured by the center thermistor
61 and the edge thermistor 62. The inverter driving circuit 68
supplies the high frequency current to the main coil 56.

Hereinatter, the operations of the fixing apparatus 34
during a fixing operation are described.

After the fixing belt 50 reaches the fixing temperature and
the warming-up operation 1s ended, the press roller 51 1s
moved to be 1n contact with the fixing belt 50. In a state in
which the press roller 51 1s 1n contact with the fixing belt 50,
the fixing belt 50 may be driven to rotate in the direction
indicated by the arrow u by rotating the press roller 51 1n the
direction indicated by the arrow q. When a print request 1s
received, the MFP 10 (refer to FI1G. 1) starts a print operation
in response. The MFP 10 forms a toner image on the sheet
P with the printer unit 18, and conveys the sheet P to the
fixing apparatus 34.
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The MFP 10 causes the sheet P on which the toner image
1s formed to pass through the nip 54 between the fixing belt
50 that reaches the fixing temperature and the press roller 51.
The fixing apparatus 34 fixes the toner image on the sheet P.
During the fixing operation, the IH control circuit 67 con-
trols the TH coil unit 52 to keep the fixing temperature of the
fixing belt 50 constant.

Through the fixing operation, the heat of the fixing belt 50
transiers to the sheet P. For example, when a plurality of
sheets P continuously passes at a high speed, since the
amount of heat transferring to the sheets P 1s large, the fixing
belt 50 having low heat capacity may not be maintained at
the fixing temperature. The heat caused by the second
magnetic path 82 supplements heating of the fixing belt 50.
As a result, the belt temperature can be maintained at the
fixing temperature even 1n the continuous paper passing at a
high speed.

Here, disposing a thermistor which measures the tempera-
ture of the IGBT element 68a would be usetul to prevent the
IGBT element 68a from being damaged. In such a case, the
thermistor would be installed in a case of the inverter driving,
circuit 68 but not 1n the IGBT element 68a itself. When the
thermistor measures a temperature rise of the IGBT element
68a, the main control circuit 101 would drive a fan to cool
the IGBT element 68a. Through the thermistor, the gentle
temperature rise of the IGBT element 68a may be measured.
However, 1t 1s diflicult for the thermistor to measure a
sudden temperature rise. Further, as the thermistor 1s
installed 1n the case, 1t 1s diflicult for the thermistor to
measure the accurate temperature of the IGBT element 68a.
The measured temperature of the IGBT element 68a by the
thermistor may be divergent from the actual temperature of
the IGBT element 68a. Moreover, the cooling of the IGBT
clement 68a by the fan may not sufliciently cool the internal
portion of the IGBT element 68a. Thus, the damage of the
IGBT element 68a cannot be sufliciently prevented by the
temperature measurement of the thermistor and the cooling,
process by the fan.

To the contrary, according to the first embodiment, the
clectric resistance measurement circuit 845 measures the
clectric resistance of the second coil 84a. By measuring the
clectric resistance of the second coil 844, it 1s possible to
measure not only the gentle temperature rise but also the
sudden temperature rise of the IGBT element 68a indirectly.
Compared with the case of arranging the thermistor
described above, 1t 1s possible to measure the temperature of
the IGBT element 68a 1n real time by measuring the electric
resistance of the second coil 84a. Furthermore, difference
between the measured temperature and the actual tempera-
ture of the IGBT element 68a would not be an 1ssue 1n the
present embodiment.

Further, the main control circuit 101 acquires the electric
resistance (measured value R) of the second coil 84a from
the electric resistance measurement circuit 845. The main
control circuit 101 controls the IH coil unit 52 to weaken the
clectromagnetic induction heating when the measured value
R 1s smaller than a threshold value. By weakening the
clectromagnetic induction heating when the measured value
R 1s smaller than the threshold value, 1t 1s possible to
suppress the excessive temperature rise of the IGBT element
68a. Specifically, the main control circuit 101 determines
whether or not the measured value R 1s smaller than the
threshold value Rt. If 1t 1s determined that the measured
value R 1s smaller than the threshold value Rt, the main
control circuit 101 reduces heat generation caused by the IH
coll unmit 52. For example, it 1s possible to suppress the
excessive temperature rise of the IGBT element 68a by
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stopping the IH coil unit 52 or by reducing the heat gen-
eration by the IH coil umt 52. As a result, it 1s possible to

prevent the IGBT element 68a from being damaged.

Further, as the second coil 844 1s arranged separately from
the main coil 56, the electric resistance measurement circuit
84b can measure the electric resistance of the second coil
84a. Thus, the main control circuit 101 can acquire the
measured value R.

The second coil 84a 1s arranged 1n the area S1 which faces
the auxiliary heating plate 69 but does not face the main coil
56. Compared to a second coil located in an area facing the
main coil 56, it 1s possible to measure the electric resistance
of the second coil 84a accurately because the second coil
84a 1s less likely to be affected by a large magnetic force of
the main coil 56.

The second coil 84a 1s arranged to face the end portion
69¢ (a portion adjacent to the facing area 69a) of the
auxiliary heating plate 69 across the fixing belt 50. Accord-
ing to this arrangement, the second coil umit 84 can measure
the electric resistance of the second coil 84a at a location
having a temperature change identical to that of the facing
area 69a (a location having a correlation with the tempera-
ture change of the facing area 69a).

Further, the second coil 844 1s arranged to face at least the
paper passing area in the belt width direction. According to
this arrangement, the second coil umt 84 can measure the
clectric resistance of the second coil 84a separately from the
non-paper passing area. Thus, the main control circuit 101
can acquire the measured value R separately from the
non-paper passing area.

Second Embodiment

Next, a second embodiment 1s described with reference to
FIG. 8. Here, components identical to those in the first
embodiment are described with the same reference numerals
and the description thereof 1s not provided.

FIG. 8 1s a side view of a fixing apparatus 234 according,
to the second embodiment. Further, FIG. 8 corresponds to
the side view of FIG. 6.

As shown 1n FIG. 8, the fixing apparatus 234 according to
the second embodiment does not include the second coil 84a
of the first embodiment. The fixing apparatus 234 according
to the second embodiment 1s different from the first embodi-
ment 1n that 1t includes a measurement unit 284 using the
main coil 56. Further, a reference numeral 28454 indicates the
clectric resistance measurement circuit in FIG. 8.

The IH coil unit 52 includes the main coil 56 (co1l) which
heats the heating layer 50a through an electromagnetic
induction. The IH coil unit 52 also functions as the mea-
surement unit 284. The measurement unit 284 generates a
magnetic field passing through the auxiliary heating plate 69
through the energization to the main coil 56. The measure-
ment unit 284 measures the electric resistance of the main
coil 56.

The magnetic flux generated by the main coil 56 forms the
first magnetic path 81 and the second magnetic path 82. The
clectric resistance of the main coil 36 varies 1n accordance
with the change of magnetism of the auxiliary heating plate
69.

As the high frequency weak current tlows into the main
coll 56, the electric resistance of the main coil 56 can be
measured.

The electric resistance measurement circuit 2845 mea-
sures the electric resistance of the main coil 56. It 1s assumed
in the present embodiment that the electric resistance of the
main coil 56 measured by the electric resistance measure-
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ment circuit 2845 1s “the measured value R”. The main
control circuit 101 acquires the measured value R from the
clectric resistance measurement circuit 2845.

The main control circuit 101 determines whether or not
the measured value R acquired 1s smaller than the threshold
value Rt (or example, 1¢627).

By determining whether or not the measured value R 1s
smaller than the threshold value Rt, 1t 1s possible to deter-
mine the change of magnetism of the auxiliary heating plate
69 for the following reasons.

When the measured value R 1s greater than the threshold
value Rt, the auxiliary heating plate 69 has ferromagnetism
because 1ts temperature 1s lower than the Curie point thereof.
When the auxiliary heating plate 69 has ferromagnetism, the
magnetic flux generated by the main coil 56 forms the first
magnetic path 81 and the second magnetic path 82.

On the other hand, when the measured value R 1s smaller
than the threshold value Rt, the auxiliary heating plate 69
has paramagnetism because 1ts temperature 1s higher than
the Curie point thereof. In such a case, the second magnetic
path 82 1s not formed.

Thus, by determining whether or not the measured value
R 1s smaller than the threshold value Rt, it 1s possible to
estimate the magnetism of the auxiliary heating plate 69.

The main control circuit 101 controls the IH coil unit 52
to reduce the heat generation through the electromagnetic
induction heating when the acquired measured value R 1s
smaller than the threshold value Rt.

In accordance with the second embodiment, the same
cllects as the first embodiment can be obtained.

Further, compared with the case 1n which the second coil
84a faces the end portion 69c¢ of the auxiliary heating plate
69 across the fixing belt 50, 1t 1s possible to measure the
clectric resistance of the main coil 56 at a location facing the
tacing area 69a. Consequently, 1t 1s possible to determine the
change of magnetism of the facing area 69a.

Further, 1t 1s possible to measure the electric resistance of
the main coil 56 at the timing when the IH coil unit 52 does
not generate heat. For example, it 1s possible to measure the
clectric resistance of the main coil 56 at a timing between
print operations, except for during the continuous paper
passing and the warming up (for example, when every 10
papers pass). As a result, the change of magnetism of the
facing area 69a can be determined between print jobs.

Compared with the case 1n which the second coil 84a 1s
arranged separately from the main coil 56, the number of
components can be reduced and thereby the configuration of
the fixing apparatus 234 can be simplified.

Further, the electric resistance of the main coil 56 may be
measured at the timing when the IH coil unit 52 generates
heat. For example, the electric resistance of the main coil 56
1s measured during the continuous paper passing and the
warming up. In this way, 1t 1s possible to measure the electric
resistance ol the main coil 56 at the location facing the
facing area 69a 1n real time. Consequently, during the
continuous paper passing and the warming up, 1t 1s possible
to determine the change of magnetism of the facing area 694
in real time.

Third Embodiment

Next, a third embodiment 1s described with reference to

FIG. 9. Here, components identical to those in the first
embodiment are described with the same reterence numerals

and the description thereof 1s not provided.
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FIG. 9 1s a side view of a fixing apparatus 334 according
to the third embodiment. Further, FIG. 9 corresponds to the
side view of FIG. 6.

As shown 1n FIG. 9, the fixing apparatus 334 according to
the third embodiment does not include the second coil 84a
of the first embodiment. The fixing apparatus 334 according
to the third embodiment 1s different from the first embodi-
ment 1n that 1t includes a second coil 384a arranged at the
inner peripheral side of the fixing belt 50. The second coil
384a 1s arranged at the mner side 1n the diameter direction
of the auxiliary heating plate 69. Further, a reference
numeral 384 indicates the second coil unit and a reference

numeral 3845 indicates the electric resistance measurement
circuit m FIG. 9.

The magnetic flux generated by the second coil 384a
forms a fifth magnetic path 87 that extends through the
auxiliary heating plate 69 before the auxiliary heating plate
69 loses 1ts magnetism due to the temperature thereof
exceeding the Curie point thereof. The fifth magnetic path
87 passes through the auxiliary heating plate 69 in such a
manner that 1t does not extend to the outer side of the
auxiliary heating plate 69 1n the belt diameter direction.

The magnetic flux generated by the second coil 384a
forms a sixth magnetic path 88 that extends through the
heating layer 50a of the fixing belt 50 when the auxiliary
heating plate loses 1ts magnetism due to the temperature
thereol exceeding the Curie point thereof. The sixth mag-
netic path 88 extends to the outer side of the auxiliary
heating plate 69 in the belt diameter direction, passing
through the heating layer 50a. The electric resistance of the
second coil 384a varies 1n accordance with the change of
magnetism of the auxiliary heating plate 69.

By causing a high frequency weak current 1n the second
coil 384a, 1t 1s possible to measure the electric resistance of
the second coil 384a. The electric resistance measurement
circuit 384H6 measures the electric resistance of the second
coil 384a. It 1s assumed 1n the present embodiment that the
clectric resistance of the second coil 384a measured by the
clectric resistance measurement circuit 3845 1s a “measured
value R”. The main control circuit 101 acquires the mea-
sured value R from the electric resistance measurement
circuit 3845b.

The main control circuit 101 determines whether or not
the acquired measured value R 1s smaller than the threshold
value Rt (for example, 1 “Q”).

By determining whether or not the measured value R 1s
smaller than the threshold value Rt, 1t 1s possible to deter-
mine the magnetism of the auxiliary heating plate 69 for the
following reasons.

When the measured value R 1s greater than the threshold
value Rt, the auxiliary heating plate 69 has ferromagnetism
because 1ts temperature 1s lower than the Curie point thereof.
When the auxihiary heating plate 69 exhibits ferromag-
netism, the magnetic flux generated by the second coil 384a
forms the fifth magnetic path 87.

On the other hand, when the measured value R 1s smaller
than the threshold value Rt, the auxiliary heating plate 69
has paramagnetism because 1ts temperature 1s higher than
the Curie point thereof. In such a case, the magnetic flux
generated by the second coil 384a forms the sixth magnetic
path 88, but the fifth magnetic path 87 1s not formed.

It 1s possible to estimate the magnetism of the auxiliary
heating plate 69 by determining whether or not the measured
value R 1s smaller than the threshold value Rt.

The main control circuit 101 controls the IH coil unit 52
to reduce the heat generation through the electromagnetic




US 10,025,238 B2

17

induction heating when the acquired measured value R 1s
smaller than the threshold value Rt.

In accordance with the third embodiment, the same eftects
as the first embodiment can be obtained.

Further, in the present embodiment, the second coil 3844
1s arranged at the inner side 1n the belt diameter direction of

the auxiliary heating plate 69 on the inner peripheral side of
the fixing belt 50. Compared with a second coil disposed on
the outer peripheral side of the fixing belt 50, it 1s possible
to aggregate the second coil 384a as well as the auxiliary
heating plate 69 on the inner peripheral side of the fixing belt

50.

In accordance with the fixing apparatus of at least one
embodiment described above, the excessive temperature rise
of the IGBT element 68a can be suppressed, which can

prevent the IGBT element 68a from being damaged.

Further, the heating layer 50a may be made from the
magnetic material such as nickel.

Furthermore, the measurement unit described above 1s not
limited to the electric resistance measurement unit described
above. For example, the measurement unit may include a
temperature measurement unit which measures the tempera-
ture of the auxiliary heating plate 69. For example, the
temperature measurement unit 1s a temperature sensor. By
measuring the temperature of the auxiliary heating plate 69,
it 1s possible to determine whether or not the temperature of
the auxiliary heating plate 69 exceeds the curie point
directly. That 1s, as long as the measurement unmt can
measure the state of the auxiliary heating plate 69, no
limitation 1s given to the configuration of the measurement
unit.

Further, the present mvention i1s not limited to that the
main control circuit 101 indirectly determines whether or
not the temperature of the auxiliary heating plate 69 exceeds
the Curie point based on the measured results by the electric
resistance measurement circuit. For example, the main con-
trol circuit 101 may determine whether or not the tempera-
ture of the auxiliary heating plate 69 exceeds the Curie point
directly based on the measured results by the temperature
sensor. That 1s, as long as the main control circuit 101 can
control to reduce the heat generation by the IH coil unit
when 1t 1s determined that the temperature of the auxiliary
heating plate 69 exceeds the Curie point based on the
measured results by the measurement unit, no limitation 1s
given to the determination method.

The functions of the fixing apparatuses 1n the embodi-
ments described above may be realized by a computer. In
that case, programs for achieving the functions may be
recorded 1n a computer-readable recording medium, and the
programs recorded 1n the recording medium may be read by
a computer system and executed to realize the functions.
Further, 1t 1s assumed that the “computer system™ includes
hardware such as an OS, a peripheral machine and the like.
Further, the “readable recording medium”™ refers to a mov-
able medium such as a flexible disc, a magnetic optical disc,
an ROM, a CD-ROM and the like, and a storage device such
as a hard disk arranged 1nside the computer system. Further,
the “computer-readable recording medium”™ may store pro-
grams dynamically for a short time like a communication
line 1n a case of sending the programs via a network such as
the Internet, a telecommunication line such as telephone line
and the like, and may also store programs for a certain time
like a volatile memory 1nside a computer system consisting
of a server and a client 1n that case. Further, the programs
may be used to realize part of the aforementioned functions,
or may also be used to realize the atorementioned functions
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through a combination with the programs that have already
stored 1n the computer system.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mntended to limit the scope of the invention.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmvention. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the mvention.

What 1s claimed 1s:

1. A fixing apparatus, comprising:

a belt including a ferromagnetic layer;

a ferromagnetic plate disposed 1nside the belt and having
a Curie point that 1s lower than a Curie point of the
ferromagnetic layer;

an induction heater configured to cause heat generation 1n
the ferromagnetic layer and the ferromagnetic plate, the
induction heater including a first coil;

a driving circuit configured to output a high frequency
current to the first coil, and to change the high fre-
quency current;

a measurement unit configured to output a signal indica-
tive of whether a temperature of the ferromagnetic plate
exceeds a predetermined value, the measurement unit
including:

a second coil positioned proximate to the ferromagnetic
plate, and

an electrical resistance measurement circuit configured
to measure an electrical resistance of the second coil,
the electrical resistance of the second coil decreasing
as the temperature of the second coil increases; and
a controller configured to:
receive the signal output from the measurement unit,
determine whether the temperature of the ferromag-
netic plate exceeds the predetermined value based on
the signal, and

control the driving circuit to decrease the high fre-
quency current if the temperature of the first coil
exceeds the predetermined value.

2. The fixing apparatus according to claim 1, wherein the
predetermined value 1s the Curie point of the ferromagnetic
plate.

3. The fixing apparatus according to claim 1, wherein the
first coil 1s at a position corresponding to a sheet passing
region ol the belt in a width direction of the belt.

4. The fixing apparatus according to claim 1, wherein

the driving circuit comprises switching elements includ-
ing an insulated gate bipolar transistor (IGBT) and a
metal oxide semiconductor field eflect transistor
(MOSFET), and

the controller decreases the high frequency current by
extending an on period of the MOSFET.

5. The fixing apparatus according to claim 1, wherein the

measurement unit 1s a temperature sensor.

6. A fixing apparatus, comprising:

a belt including a ferromagnetic layer;

a ferromagnetic plate disposed inside the belt and having
a Curie point that 1s lower than a Curie point of the
ferromagnetic layer;

an induction heater configured to cause heat generation 1n
the ferromagnetic layer and the ferromagnetic plate, the
induction heater including a first coil;
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a driving circuit configured to output a high frequency
current to the first coil, and to change the high fre-
quency current by switching on and ofl switching
elements;

a measurement unit configured to output a signal 1indica-
tive of whether a temperature of the ferromagnetic plate

exceeds a predetermined value, the measurement unit

including:

a second coil positioned proximate to the ferromagnetic
plate, and

an electrical resistance measurement circuit configured
to measure an electrical resistance of the second coil,
the electrical resistance of the second coi1l decreasing
as the temperature of the second coil increases; and

a controller configured to:

receive the signal output from the measurement unit,

determine whether the temperature of the ferromag-
netic plate exceeds the predetermined value based on
the signal, and

20

control the driving circuit to decrease the high fre-

quency current if the temperature of the first coil
exceeds the predetermined value.

7. The fixing apparatus according to claim 6, wherein the

5 predetermined value 1s the Curie point of the ferromagnetic

10

15

plate.

8. The fixing apparatus according to claim 6, wherein the

first coil 1s at a position corresponding to a sheet passing
region of the belt in a width direction of the belt.

9. The fixing apparatus according to claim 6, wherein

the driving circuit comprises switching elements includ-
ing an insulated gate bipolar transistor (IGBT) and a
metal oxide semiconductor field eflect transistor
(MOSFET), and

the controller decreases the high frequency current by
extending an on period of the MOSFET.

10. The fixing apparatus according to claim 6, wherein the

measurement unit 1s a temperature sensor.
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